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I. INTRODUCTION
The spectral range of terahertz radiation is very interesting for various applications as in medicine ͑imaging of dry samples͒, for the detection and for the identification of explosives and for the communication between computers or other devices like satellites. However, the generation, the transmission and the detection of terahertz waves is rather complicated. A frequency of 2 THz corresponds to a wavelength of about 150 m. Such high frequencies are hard to be generated by elcectronical devices ͑like, for example, by resonant tunneling diodes 1 ͒. The optical generation of terahertz waves, in particular of monochromatic ones, is also difficult. There is a variety of terahertz lasers like gas lasers, 2 quantum cascade lasers, 3 free-electron lasers, 4 or Stokes emission from Sb-doped Si samples. 5 For our studies, we use a p-Ge laser 6, 7 which is continuously tunable in the wavelength range of 120 m ՅՅ180 m. 8 The generation of broadband terahertz radiation is far easier as for example by black-body radiation of the temperature of about T Х 20 K ͑heat radiation or far infrared radiation͒. The transmission of terahertz waves is partially obstructed by the strong absorption of photons possessing an energy E ph of about 10 meV by CO 2 and H 2 O molecules which have some rotation modes with corresponding quantum energy differences. As both substances are present in atmospheric air there is an upper frequency limit of about 0.5 THz and a transmission distance limit of about 5 m for the data transfer based on terahertz radiation. 9 There are meanwhile various detectors for terahertz radiation operating on the basis of nonresonant ͓͑bolo-metric ͑BO͔͒ and resonant ͓for example, cyclotron resonant ͑CR͔͒ effects. However, detectors which are simultaneously spectrally selective and fast ͑response times of the order of some nanoseconds͒ are very difficult to realize. One possibility is the use of quantum Hall ͑QH͒ detectors. 8 These detectors work on the basis of the Landau quantization in solids and need thus to be cooled ͑T Յ 10 K͒ and to be subjected to strong magnetic fields ͑B Ϸ 5 T for samples with GaAs/ Al Sb͒, the magnetic fields for operation can be chosen below 2 T. However, the operation of QH detectors requires a measurable energy splitting between adjacent Landau levels and thus rather low temperatures ͑T Ϸ 4 K, see Refs. 8, 10, and 12͒. Although for the operation of terahertz-QH detectors low temperatures are inevitable so far, this type of detectors possesses at least one advantage: the simultaneous occurrence of a fast response and of a spectral selectivity. The latter property is necessary for instance for the identification of substances by terahertz radiation and does not occur in bolometer detectors. The characteristic data n s and e are deduced from magnetotransport measurements at low temperatures ͑1.5 K Յ T Յ 4.2 K͒ and in the range of the magnetic field 0 Յ B Յ 10 T. The PR investigations presented here are performed using our p-Ge laser emitting terahertz waves in the wavelength range 120 m ՅՅ180 m. 8, 9, 12 Our laser is continuously tunable in the aforementioned wavelength range by changing the magnetic field B laser ͑generated by a superconducting coil͒ at the Ge crystal in the range 2.75 T Յ B laser Յ 4.13 T.
II. EXPERIMENTAL DETAILS

III. EXPERIMENTAL INVESTIGATIONS
All samples were characterized before the exposure to terahertz radiation. For characterization, measurements of the Shubnikov-de Haas effect ͑SdH͒ were performed. Figure 1 shows a typical SdH curves for a HgTe Corbino sample in comparison to sample with an InSb QW.
From these measurements, the carrier density n s and the carrier mobility are deduced ͑see, for example, Table I͒ . Further, we measured the current-voltage ͑I-V͒ characteristics of the samples at magnetic fields corresponding to SdH minima ͑or integer filling factors, see Ref. 12͒ . From the nonlinearities in the I-V curves, the operational conditions of the samples working as terahertz detectors can be determined. 12 At voltages closely below the critical value V C of the breakdown of the QH effect ͑QHE͒, an additional optical excitation of the sample can result in completing the breakdown of the QHE. 12 The breakdown of the QHE leads to a measurable increase in the radial conductivity xx of a Corbino device. Thus, the PC can be registered by measuring the increase in the source-drain current I SD at samples prebiased by subcritical ͑but high enough͒ source-drain voltages V SD Ͻ V C . Corresponding PC curves for one HgTe sample as a function of the magnetic field are shown in Fig. 2 . Typically, the PC shows maximum values at the minima of xx ͑B͒. These maxima can be due to either nonresonant ͑BO͒ or CR contributions to the PC. 13 In addition to the measurements of the PC, we performed transmission measurements at some of the HgTe and of the InSb wafers. For this, we placed the sample between a waveguide exit and a Ge detector.
In Fig. 3 , the transmission T for terahertz waves as a function of the magnetic field is shown for a sample with a HgTe QW ͑d QW =8 nm͒ and an InSb QW ͑d QW =30 nm͒ for 
The cyclotron mass m c is enhanced above the mass value at the energy of the bottom of the conduction band. This enhancement is due to the nonparabolic band structure E͑k͒. 12, 14 In the case of InSb samples, we can deduce the energy difference between the subband energy E s and the Fermi energy E F , ⌬E = E s − E F . 12 For the samples with HgTe QWs, ⌬E cannot be generally determined from the corresponding m c values. This is because of the rather complicated band structure E͑k͒ for these samples. The HgTe in QWs of thicknesses below d QW = 6 nm behave semiconducting and for d QW Ͼ 6 nm semimetallic. For d QW Ͼ 14 nm, the band structure of HgTe has again a critical point, resulting in a semiconductor with inverted band structure. 15 Consequently, in our sample 3 ͑HgTe QW with d QW =21 nm͒ the HgTe QW behaves semiconducting again. As visible in Fig.  4 , for sample 3 a measurable PC occurs.
Thus, from this result and from the results obtained from the InSb samples we conclude that the PC occurs not only for semimetallic HgTe samples but also for samples with semiconducting QWs. Apart from the fact that this observation is interesting for basical physics, this knowledge is also important for the application of these devices as terahertz detectors. Our results lead to the conclusion that only samples with thin semiconducting HgTe QWs ͑for d QW Յ 6 nm͒ are not suitable for the detection of terahertz radiation.
Whereas the results of the transmission investigations can be clearly attributed to the CR ͓see Eq. ͑1͔͒, the electrically measured PR cannot unambiguously attributed to either the CR ͑resonant excitation͒ or to the BO effect ͑nonresonant electron heating͒. The BO mechanism is discussed in more detail in Ref. 13 . There is a possibility to check the contributions of resonant and nonresonant effects to the PR. In of Ref. 8 and can be attributed to the BO effect. For the application of the devices as QH-terahertz detectors it is however not essential which effect ͑resonant or nonresonant͒ contributes dominantly to the PR. It should be noted here that a dominant BO effect does not support the operation of a QH-terahertz detector for spectroscopy. However, the BO effect can have rather short response times of the order of 10 ns for GaAs-based samples 8 and of about 500 ns for HgTebased samples.
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IV. SUMMARY
In this study we have compared the terahertz PR of devices with HgTe QWs of various thicknesses d QW and of devices with InSb QWs of a thickness of 30 nm. For samples with HgTe QWs in the thickness range of 8 nmՅ d QW Յ 14 nm, the HgTe behaves semimetallic. For these samples, the electrically measured PR is dominated by nonresonant heating of the carriers ͑bolometer effect, BO͒. Also samples with semiconducting QWs ͑InSb and HgTe of d QW = 21 nm with an inverted band structure͒ show a measurable PR. For these samples it cannot be clearly concluded which effect ͑either the nonresonant BO effect or the resonant effect ͑CR͒ dominantly contributes to the PR.
Further we measured the transmission of terahertz waves through our samples for various photon energies in the range of the operation of our laser ͑6.9 meVՅ E ph Յ 10.4 meV͒. We obtained a typical CR behavior ͑linear increase in the resonance magnetic field B res with increasing photon energy E Ph ͒ both for samples with semimetallic HgTe QWs and with semiconducting InSb QWs. From the slope of the B res ͑E Ph ͒ traces the cyclotron masses of electrons in the corresponding QWs were determined. These masses we found enhanced above the values of the effective masses at the band edges due to the nonparabolic dispersion relation E͑k͒ in the materials studied. E laser ( meV ) 
